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Description

BACKGROUND OF INVENTION

1. Field of Invention

[0001] The invention relates generally to methods and apparatus for printing viscous material, such as solder paste,
onto a substrate, such as a printed circuit board, and more particularly to a method and apparatus for calibrating the
pressure or force of squeegee blades of a print head on a stencil, and for applying an accurate print pressure during
production.

2. Discussion of Related Art

[0002] In a typical surface-mount circuit board manufacturing operation, a stencil printer is used to print solder paste
onto a printed circuit board. A circuit board, broadly referred to as an electronic substrate, having a pattern of pads or
some other conductive surface onto which solder paste will be deposited, is automatically fed into the stencil printer.
One or more small holes or marks on the circuit board, called fiducials, is used to align the circuit board with the stencil
or screen of the stencil printer prior to the printing of solder paste onto the circuit board. The fiducials serve as reference
points when aligning a circuit board to the stencil. Once a circuit board has been aligned with the stencil in the printer,
the circuit board is raised to the stencil by a substrate support, e.g., a table having pins or other work holders, and fixed
with respect to the stencil. Solder paste is then dispensed by moving a wiper blade or squeegee across the stencil to
force the solder paste through apertures formed in the stencil and onto the board. As the squeegee is moved across
the stencil, the solder paste tends to roll in front of the blade, which desirably causes mixing and shearing of the solder
paste so as to attain a desired viscosity to facilitate filling of the apertures in the screen or stencil. The solder paste is
typically dispensed onto the stencil from a standard solder paste supply cartridge. After the print operation, the board is
then released, lowered away from the stencil, and transported to another station within the printed circuit board fabrication
line.
[0003] During a print cycle, as described above, the squeegee is moved across the stencil to force solder paste or
any other viscous material through apertures formed in the stencil. FIG. 1 schematically illustrates the connection of a
squeegee blade to a print head. As shown, a squeegee blade 40 is secured to a squeegee blade holder 64 in a position
in which the squeegee blade may be disposed at an angle with respect to a stencil 18. The print head includes a first
movable plate 54 and a second movable plate 56 that is connected to the first movable plate. The first movable plate
54 is secured to a frame (not shown) of the print head by two linear bearings indicated at 57 and driven by a lead screw
58, which is driven by a motor (not shown) provided in the print head. The arrangement is such that the lead screw
threadably engages a lead nut 60 secured to the first movable plate to move the first and second movable plates 54,
56 along a path defined by the linear bearings 57. The second movable plate 56 includes a blade holder 64 to secure
the squeegee blade 40 to the second movable plate. As shown, a compression spring 62 is disposed around the lead
screw 58 to provide a resistance force between the first movable plate 54 and the second movable plate 56.
[0004] One issue with printing is calibrating the force upon which the squeegee blade 40 engages the stencil 18.
Specifically, the spring constant of the compression spring 62 may vary. Also, when using a flexible (non-rigid) squeegee
blade, the spring constant of the squeegee blade may effect the force upon which the blade engages the stencil 18.
With reference to FIG. 1, a sensor 52 may be provided to a home position and/or a distance of the first movable plate
54 with respect to the frame of the print head. With the known calibration methods, e.g., replacing the squeegee blade
40 with a calibration gauge, the force of the blade against the stencil is determined by moving the first movable plate 54
a known distance, which is dependent upon the spring constant of the compression spring 62. Thus, if a customer has
a completely rigid squeegee blade, the force of the blade against the stencil is somewhat accurate. It is difficult to
determine the force of the squeegee blade against the stencil when the blade is flexible or when the spring constant of
the compression spring is not to tolerance.
[0005] In US 5,479,854, there is disclosed a screen printing machine in which a squeegee is driven to form a film of
solder on a board through a screen, includes an automatic squeegeeing angle setter which includes a squeegeeing
angle adjuster for adjusting a squeegeeing angle of the squeegee and a squeegeeing angle detector for detecting the
angle thereof to set the squeegeeing angle of the squeegee by the squeegeeing angle adjuster based on a detection
of the squeegeeing angle detector, an automatic pressing amount setter which includes a squeegee pressing amount
caused by the squeegee and squeegee pressing force to set the pressing amount in consideration of a change in height
resulting from a change of the angle of the squeegee by the squeegee pressing amount adjuster based on a detection
of the squeegee pressing force detector, and an automatic balancing amount setter which includes a pressing amount
balance adjuster for adjusting a balance of the pressing amount of the squeegee to set the balance of the pressing
amount of the squeegee by the pressing amount balance adjuster based on a detection of the pressing force detector.
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US 5,479,854 discloses a stencil printer of the type set forth in the preamble of the accompanying claim 1.

SUMMARY OF INVENTION

[0006] Embodiments of the invention provide improvements to stencil support assemblies, such as those described
above.
[0007] A first aspect of the invention is directed to a stencil printer, as set forth in the accompanying claim 1, for printing
viscous material on a substrate. The stencil printer comprises a frame, a stencil coupled to the frame, a substrate support
coupled to the frame to support a substrate in a print position, a print head, coupled to the frame, to deposit and print
viscous material over the stencil. The print head comprises a squeegee assembly comprising at least one squeegee
blade and a squeegee blade movement mechanism configured to move the at least one squeegee blade from a raised
position in which the at least one squeegee blade is spaced from stencil and a lowered position in which the at least
one squeegee blade engages and applies a force on the stencil. The print head further comprises a device to detect a
first reference point associated with a first force of the at least one squeegee blade against the stencil and a second
reference point associated with a second force of the at least one squeegee blade against the stencil when moving the
at least one squeegee blade to the lowered position.
[0008] The at least one squeegee blade movement mechanism comprises a first movable member coupled to the
frame of the stencil printer and a second movable member coupled to the first movable member and to the at least one
squeegee blade. The squeegee blade movement mechanism further comprises a lead screw housed by the frame of
the stencil printer and a lead nut secured to the first movable member and threadably engaged with the lead screw to
move the first and second movable members so as to move the at least one squeegee blade between the raised and
lowered positions. The squeegee blade movement mechanism further comprises a compression spring disposed around
the lead screw to provide a resistance force between the first movable member and the second movable member. The
arrangement is such that when moving the at least one squeegee blade to the lowered position against the stencil so
as to apply a force on the at least one squeegee blade, the second movable member moves toward the first movable
member against the resistance of the compression spring. The device comprises a flag secured to one of the first movable
member and the second movable member and a sensor secured to the other of the first movable member and the
second movable member. The sensor is configured to detect at least two features of the flag when moving the at least
one squeegee blade to a position of an applied force from the lowered position. The first and second reference points
may be associated with the at least two features of the flag. A gauge, which replaces the at least one squeegee blade,
may be provided to measure a force of the gauge against the stencil. The gauge may be configured to measure a
simulated force of the at least one squeegee blade against the stencil when the first reference point of the flag is detected
by the sensor and when the second reference point of the flag is detected by the sensor.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The accompanying drawings are not intended to be drawn to scale. In the drawings, each identical or nearly
identical component that is illustrated in various figures is represented by a like numeral. For purposes of clarity, not
every component may be labeled in every drawing. In the drawings:

FIG. 1 is a schematic view of a prior art print head assembly;
FIG. 2 is a front perspective view showing a stencil printer of an embodiment of the invention;
FIG. 3 is a perspective view of the stencil printer shown in FIG. 2 showing a print head assembly of an embodiment
of the invention;
FIG. 4 is a perspective view of the print head assembly shown in FIG. 2 with squeegee blades being removed to
more clearly show movable members of the print head assembly;
FIG. 5 is an enlarged perspective view of the print head assembly with selected parts removed;
FIG. 6 is an even further enlarged perspective view of a sensor flag of the print head assembly; and
FIG. 7 is a schematic view of a squeegee blade (front or rear) of the print head assembly of an embodiment of the
invention.

DETAILED DESCRIPTION

[0010] The use of "including," "comprising," "having," "containing," "involving," and variations thereof herein, is meant
to encompass the items listed thereafter as well as additional items.
[0011] For purposes of illustration, embodiments of the invention will now be described with reference to a stencil
printer used to print solder paste onto a printed circuit board. One skilled in the art will appreciate, however, that em-
bodiments of the invention are not limited to stencil printers for printing solder paste, but may also include printing other
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materials, such as adhesives, epoxies, underfill materials and encapsulant materials. Also, the terms screen and stencil
may be used interchangeably herein to describe a device in a printer that defines a pattern to be printed onto a substrate.
[0012] Referring now to the drawings, and more particularly to FIG. 2, there is generally indicated at 10 a stencil printer
of an embodiment of the invention. As shown, the stencil printer 10 includes a frame 12 that supports components of
the stencil printer. The components, in part, may include a controller 14, a display 16, a stencil 18, and a print head
assembly or print head generally indicated at 20 configured to apply the solder paste. Each of these components may
be suitably coupled to the frame 12. In one embodiment, the print head 20 is embedded within on a print head gantry
22, which enables the print head to be moved in the y-axis direction under the control of the controller 14. As described
below in further detail, the print head 20 may be placed over the stencil 18 and a front or rear squeegee blade of the
print head may be lowered in the z-axis direction into contact with the stencil. The gantry then may be moved across
the stencil to allow printing of solder paste onto a circuit board.
[0013] Stencil printer 10 may also include a conveyor system having rails 24, 26 for transporting a circuit board to a
print position in the stencil printer. The stencil printer 10 has a support assembly 28 to support the printed circuit board
(or "substrate"), which, as will be described in greater detail below, raises and secures the printed circuit board so that
it is stable during a print operation. In certain embodiments, the substrate support assembly 28 may further include a
particular substrate support system, e.g., a solid support, a plurality of pins or flexible tooling, positioned beneath the
circuit board when the circuit board is in the print position. The substrate support system may be used, in part, to support
the interior regions of the circuit board to prevent flexing or warping of the circuit board during the print operation.
[0014] In one embodiment, the print head 20 may be configured to receive solder from a source, such as a dispenser,
e.g., a solder paste cartridge, that provides solder paste to the print head during the print operation. Other methods of
supplying solder paste may be employed in place of the cartridge. In one embodiment, the controller 14 may be configured
to use a personal computer having a Microsoft DOS or Windows XP operating system with application specific software
to control the operation of the stencil printer 10. The controller 14 may be networked with a master controller that is part
of a line for fabricating circuit boards.
[0015] In one configuration, the stencil printer 10 operates as follows. A circuit board is loaded into the stencil printer
10 using the conveyor rails 24, 26. The support assembly 28 raises and secures the circuit board to a print position. The
print head 20 then lowers the desired squeegee blade of the print head in the z-axis direction until squeegee blade of
the print head contacts the stencil 18. The print head 20 is then moved in the y-axis direction across the stencil 18. The
print head 20 deposits solder paste through apertures in the stencil 18 and onto the circuit board. Once the print head
has fully traversed the stencil 18, the squeegee blade is lifted off the stencil and the circuit board is lowered back onto
the conveyor rails 24, 26. The circuit board is released and transported from the stencil printer 10 so that a second circuit
board may be loaded into the stencil printer. To print on the second circuit board, the other squeegee blade is lowered
in the z-axis direction into contact with the stencil and the print head 20 is moved across the stencil 18 in the direction
opposite to that used for the first circuit board.
[0016] Still referring to FIG. 1, an imaging system 30 may be provided for the purposes of aligning the stencil 18 with
the circuit board prior to printing and to inspect the circuit board after printing. In one embodiment, the imaging system
30 may be disposed between the stencil 18 and the support assembly 28 upon which a circuit board is supported. The
imaging system 30 is coupled to an imaging gantry 32 to move the imaging system. The construction of the imaging
gantry 32 used to move the imaging system 30 is well known in the art of solder paste printing. The arrangement is such
that the imaging system 30 may be located at any position below the stencil 18 and above the circuit board to capture
an image of predefined areas of the circuit board or the stencil, respectively. In other embodiments, when positioning
the imaging system outside the printing nest, the imaging system may be located above or below the stencil and the
circuit board.
[0017] Referring now to FIGS. 2-4, the print head includes a frame 34 that becomes the gantry 22 when the print head
20 is installed so that the frame moves along a print direction, e.g., the y-axis direction. Specifically, the frame 34 is
configured at its opposite ends to ride along linear rails of the frame 12 of the stencil printer 10. This construction provides
y-axis direction of movement of the print head gantry 22. The frame 34 supports a squeegee assembly generally indicated
at 36 having a pair of squeegee blades 38, 40 and a z-axis motion assembly configured to independently move the
squeegee blades from a raised position in which the squeegee blades are spaced from the stencil to a lowered position
in which the squeegee blades engage the stencil 18. As best illustrated in FIG. 3, the squeegee assembly 36 further
includes a front mount assembly 42 to mount the front squeegee blade 38 and a rear mount assembly 44 to mount the
rear squeegee blade 40. The front and rear squeegee blades 38, 40 are moved by motors 46, 48, respectively, mounted
on the top of the frame 34. The arrangement is such that the front and rear squeegee blades 38, 40 may be independently
lowered in the z-axis direction by the motors 46, 48, respectively, when performing print strokes with the squeegee
blades. The squeegee assembly 36 further includes sensors 50, 52 for detecting the home (i.e., raised) location of the
front and rear squeegee blades 38, 40, respectively.
[0018] When each squeegee blade 38 and 40 is lowered onto the stencil 18, the squeegee blade exerts a force on
the stencil. This force is suitable for performing a print stroke so that solder paste is rolled by the squeegee blade and
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forced through apertures formed in the stencil. This solder paste is deposited on the circuit board when separating the
stencil 18 from the circuit board by lowering the support assembly 28. The force of the squeegee blade on the stencil
must be sufficient to force solder paste (or any other viscous material) through the apertures formed in the stencil, but
not too great so as to damage the stencil.
[0019] Referring to FIGS. 5-7, for each squeegee blade, e.g., the rear squeegee blade 40, a squeegee blade movement
mechanism is configured to move the squeegee blade from a raised position in which the squeegee blade is spaced
from stencil 18 and a lowered position in which the squeegee blade engages the stencil. With particular reference to
FIG. 7 (also shown in FIG. 1), the squeegee blade movement mechanism comprises a first movable member 54 coupled
to the frame 34 of the print head 20 coupled by the two linear bearings 57, and a second movable member 56 coupled
to the first movable member by the two linear bearings 57 and associated springs. A lead screw 58, driven by one of
the motors, e.g., motor 48, is housed on the frame 34. The lead screw 58 threadably engages a lead nut 60, which
secured to the first movable member 54 to move the first and second movable members between the raised and lowered
positions. An anti-rotation plate 61 is provided to prevent the rotation of the assembly when driving the lead screw 58.
A compression spring 62 is disposed around the lead screw 58 to provide a resistance force between the first movable
member 54 and the second movable member 56.
[0020] The arrangement is such that the motor 48 drives the first movable member 54 in a downward direction (along
linear bearings 57). This results in the movement of the first and second movable members 54, 56 being moved together.
As soon as the squeegee blade 40 contacts the stencil 18, the compression spring 62 begins to compress resulting in
the movable members 54, 56 moving closer together thereby applying a print force on the squeegee blade. The com-
pression spring 62 provides a resistance to the movement of the first and second movable members 54, 56 toward one
another under print force application. As shown in FIG. 7, a squeegee blade holder 64 is configured to secure the
squeegee blade 40 to the second movable member 56.
[0021] As described above, sensors 50, 52 are provided for detecting the positioning of the front and rear squeegee
blades 38, 40 in their home positions. In order to gauge the force of a squeegee blade, e.g., the rear squeegee blade
40, against the stencil 18, a device is provided to detect a first reference point associated with a first force of the squeegee
blade against the stencil and a second reference point associated with a second force of the squeegee blade against
the stencil when moving the squeegee blade to the lowered position. Specifically, the device comprises a flag 66 secured
to the second movable member 56 and a sensor 68 secured to the first movable member 54. Of course, the arrangement
may be such that the flag 66 is secured to the first movable member 54 and the sensor 68 is secured to the second
movable member 56. The sensor 68 is configured to detect the flag 66 when moving the squeegee blade to track at
least two positions of distance between the first and second movable members 54, 56. Referring specifically to FIGS.
5 and 6, the flag 66 is fabricated from bent metal and is configured to move between a slot formed in the sensor 68. The
flag 66 and the sensor 68 may be secured to their respective first and second movable members by fasteners, such as
machine bolts.
[0022] Referring particularly to FIG. 7, the first and second reference points A, B are associated with the flag 66. The
calibration or determination of the particular forces associated with reference points A, B is as follows. To calibrate the
force of the engagement of a particular squeegee blade 38 or 40 against the stencil 18, a first step of a calibration routine
is to replace the squeegee blade with a force/calibration gauge 70, which is provided to measure the force of a squeegee
blade against the stencil by moving the gauge to the lowered position. Also, the stencil is removed from the stencil
printer. The gauge 70 is lowered until it touches a rigid surface, such as a table or tooling top 72. The squeegee blade
movement mechanism continues to lower the gauge 70 in known increments. At each known increment, the gauge 70
records the force value, which is saved by the controller 14 within a processor configured to have squeegee force
calibration routine, for example. An example of recorded values is as follows:

[0023] Next, the squeegee blade holder 64 is returned to the raised or starting position (at 0 steps of motion). The
gauge 70 is lowered until the "A" edge of the flag 66, which corresponds to reference point A in FIG. 7, first triggers the
sensor 68. This force is recorded and stored within the processor of the controller 14. The gauge 70 is further lowered
until the "B" edge of the flag 66, which corresponds to reference point B in FIG. 7, triggers the sensor 68. This force is
recorded and stored within the controller 14. The result is that the recorded forces correspond to the level of compression

Steps of Motion Force

0 0

1000 0.45 kg (1 lb)
2000 0.91 kg (2 lbs)
3000 1.4 kg (3 lbs)
50,000 23 kg (50 lbs)
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of the compression spring 62, which is linear and repeatable.
[0024] Next, the operator removes the gauge 70 and installs the squeegee blade 40 onto the blade holder 64. The
squeegee blade 40 is lowered until it touches the stencil 18 to determine a zero reference point. The squeegee blade
is further lowered until the "A" and "B" edges of the flag 66 are detected. These positions are compared to the reference
points A and B determined above to calculate the curve for the printing force of the specific squeegee blade. In another
embodiment, this two-step process may be combined into a single process. Specifically, the system may be configured
to start at a zero position and drive down the known increments through transition points A and B. The force values for
all increments and transition points are recorded for future reference.
[0025] In a certain embodiment, the flag 66 may embody a metal flag that is mounted to a fixed portion of the second
movable member 56. In one embodiment, the flag 66 contains two small notches, e.g., approximately 1 mm in size, that
are used to trigger the sensor 68. These notices may correspond to the "A" and "B" edges described above. The sensor
68 may embody an optical interruption style sensor mounted to the floating portion of the first movable member.
[0026] As discussed, the calibration of the print head may embody two separate operations. Prior to the shipping of
the stencil printer, a calibration routine is performed to characterize the squeegee head assembly without the squeegee
blades being installed. This calibration routine generates calibration data that will reflect a linear relationship of force
asserted by the squeegee blades on the stencil. The second operation is a user-initiated squeegee blade force correction
operation. In one embodiment, this is a fully automatic correction operation, which may be done after the squeegee
blades are installed or changed by an operator.
[0027] With prior stencil printers, in order to obtain consistent and repeatable print force data on both squeegee blades,
an operator would need to set the blades with different forces for the front blade and on the rear blade. The reason for
the difference in the applied forces was due to the compliance in the squeegee blades and the nonlinear configurations
of the print heads. Once the blades are attached to the stencil printer, a squeegee blade spring compliance compensation
calibration is introduced to the squeegee head assembly. This introduced compliance compensation calibration may
require an additional correction step that a user can run (fully automatically) when the squeegee blades are installed or
changed. Once an operator runs a squeegee compliance correction routine, the data collected may be projected onto
the manufacturing data to generate the corrected squeegee head z-axis displacement for achieving a desired force on
the stencil.
[0028] In one embodiment, the z-axis print force may be between 0 lbs and 44 lbs (0 kg and 20 kg), with a software
setting resolution of 0.1 lb (0 kg). With standard squeegee blades, e.g., and open-loop print head, the print force repeat-
ability may equal approximately +/- 1 lb (0.45 kg). Any number of data points may be taken to obtain an accurate
characterization of the force of the squeegee blades across and beyond the 1 mm gap, for example, to achieve a desired
resolution and force.
[0029] For example, the following approach may be employed to obtain the desired values. This approach may be
used if the mechanical system is determined to be linear. Below, assume that the following positions (Posn) and forces
have been calibrated: 

[0030] If the system is requested to apply a force of 3.2 kg (7 lbs), the following analysis may be used to determine
the interpolated position to move to:
[0031] First, the system must locate where the requested force falls for the above-identified calibrated values. In this
example, the force falls between CalValue2 and CalValue3. Next, the system may employ the following equation: 
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where n = 2
[0032] Thus, for the given example, the Interpolated Position is equal to 1.857 mm, which is derived by performing
the following calculation: 1 mm + ((10-4) / 7) = 1.857 mm.
[0033] To factor for errors, the controller may determine the force expected at the first transition point, i.e., the "A"
location, and the force expected at the second transition point, i.e., the "B" location. For example, for location "A," a
minimum/maximum force may be between 0.45 and 2.3 kg (1 lb and 5 lbs). Thus, any force less than or more than this
amount may be considered as an error wherein the operator is immediately notified and the calibration test is aborted.
[0034] As described above, the print head may be manually calibrated using an external force gauge, such as gauge
70. Measurements of force (or pressure if using a pressure sensor) may be taken at specified squeegee head displace-
ments in the z-axis direction. From this information a mapping is created between the displacement down and the force
read off of the force meter. The calibration process may be broken into two phases. The first phase locates the first and
second transition points on the flag known as location "A" and "B." These locations establish an accurate force at two
locations for establishing a linear compensation curve for applying compliance compensation during a subsequent print
process. The second phase of the calibration process consists of driving the squeegee head down at fixed distance
intervals throughout the required calibrated range for the print head and reading the force applied at each interval.
[0035] The first phase begins by testing the state of the sensor, which must be in an "off position in order to start the
process. If the sensor is not in the "off position, an operator may be able to jog the squeegee blade down too much in
z-axis direction, or there may be a mechanical issue that needs to be addressed. There should be very little or no down
force of the squeegee blade on the stencil before calibration starts. Next, the selected squeegee blade is moved under
the operation of the controller at a jog velocity of 2 mm/sec (starting course movement) until the "A" location is detected.
Once detected, the sensor will transition from an "off’ position to an "on" position.
[0036] Next, a downward z-axis movement of 0.25 mm will be issued to move into a 1 mm gap area to search for the
"B" location. The process of detecting the "B" location applies the same approach as was used to detect the "A" location.
The value for the "B" location point is also recorded. In the event that a transition is not seen, the system will error out
by reaching a software limit. Once both "A" and "B" locations are found the squeegee will reset to the zero force position
so that calibration of interval forces across the flag can start.
[0037] The second phase begins at the end of the first phase by driving the gauge down at fixed intervals. The range
of travel will consist of a preset number of points that will span beyond the "A" and "B" locations. At each interval the
force displayed on the force meter will be entered by the operator.
[0038] Thus, the first phase of the calibration process of the squeegee blades may be summarized as follows:

(a) initialize stencil printer;
(b) remove stencil from the stencil printer;
(c) remove the attached squeegee blades;
(d) locate the print head over the center of the substrate support;
(e) attach a force gauge to the bottom of the print head;
(f) turn on and set the force gauge;
(g) jog the substrate support up slowly until it comes in contact with the force gauge;
(h) zero out the force gauge;
(i) enter a desired number of calibration intervals across entire range of travel;
(j) start the sequence;
(k) move the force gauge to detect the "A" location and the "B" location on the flag, and return the force gauge to
the zero force location;
(l) enter the force values as the squeegee head is driven down through each interval;
(m) at the last interval, raise the squeegee head; and
(n) save the force and position data to the processor of the controller.

[0039] Whenever a situation arises in which the squeegee blades are changed, the operator will be given the opportunity
to level the squeegee blades to determine the z-axis height point at which the squeegee blade contacts the stencil for
that specific squeegee blade. As part of this operation, the system will automatically adjust for the squeegee blade
compliance.
[0040] There may be some instances in which the stencil printer is configured in a manner where some tooling will
not be compatible with the compliance routine. In these situations, the stencil printer may be configured so that the
compliance compensation routine may not occur automatically - the operator will be prompted to perform the routine, if
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desired. In the instances in which the operator does not want to perform the compliance compensation routine, the
stencil printer may be configured to perform the operation without the accuracy afforded by performing the compliance
compensation routine. Specifically, an operator will be presented with an option on the display to select an "Auto Squeegee
Force Correction." When selected, the system will warn the operator to make sure that both squeegee blades are installed
and that a stencil is loaded. The operator may be warned that the loaded squeegee blades must be capable of handling
a certain force, such as a force of up to 11.4 kg (25 lbs).
[0041] In either the automatic or the manual instance of the compliance calibration process, the second phase of the
calibration process of the squeegee blades may be summarized as follows:

(a) the stencil is loaded into the stencil printer;
(b) the squeegee blades are both reinstalled;
(c) the operator moves the squeegee head over the center of the stencil;
(d) the substrate support (and printed circuit board) are moved to the print position below stencil as they will be
during this specific print process;
(e) the front (or rear) squeegee blade is selected;
(f) the squeegee head is moved to a home position;
(g) the front squeegee blade is lowered to print height, i.e., so that the front squeegee blade contacts the stencil;
(h) the front squeegee is driven down (lowered) into the stencil until the sensor detects the "A" position of the flag
and automatically records the squeegee blade z-axis height for this transition point;
(i) the front squeegee will continue to be driven down into the stencil until the sensor detects the "B" location of the
flag and automatically records the squeegee blade z-axis height for this transition point;
(j) the front blade data is saved into the database of the processor of the controller; and
(k) this process is repeated for the rear (or front) squeegee blade.

[0042] A squeegee force correction factor may be calculated and stored in a database each time a user-initiated
squeegee force correction sequence is executed. The correction factor also may be stored in a recipe file since it will
likely be consistent for the next time the same squeegee blades are used for a specific product. A correction value is
stored for the front and rear squeegee blades. When a squeegee force is requested, the manufacturing calibration data
may be scaled using the correction factor to determine the force displacement value.
[0043] Having thus described several aspects of at least one embodiment of this invention, it is to be appreciated
various alterations, modifications, and improvements will readily occur to those skilled in the art. Such alterations,
modifications, and improvements are intended to be part of this disclosure, and are intended to be within the scope of
the invention as defined by the accompanying claims. For example, the parameters described herein may be modified
to accommodate different printing process requirements. Accordingly, the foregoing description and drawings are by
way of example only.

Claims

1. A stencil printer for (10) printing viscous material on a substrate, the stencil printer comprising:

a frame (12);
a stencil (18) coupled to the frame (12);
a substrate support (28) coupled to the frame (12) to support a substrate in a print position; and
a print head (20), coupled to the frame (12), to deposit and print viscous material over the stencil (18), the print
head comprising
a squeegee assembly (36) comprising at least one squeegee blade (38; 40) and a squeegee blade movement
mechanism (46, 48, 54-62) configured to move the at least one squeegee blade (38;40) from a raised position
in which the at least one squeegee blade is spaced from the stencil (18) and a lowered position in which the at
least one squeegee blade engages and applies a force on the stencil, and
a device (66, 68) to detect a first reference point associated with a first force of the at least one squeegee blade
(38; 40) against the stencil (18) when moving the at least one squeegee blade to the lowered position;
characterised in that:

the device (66, 68) to detect a first reference point is further to detect a second reference point associated
with a second force of the at least one squeegee blade against the stencil when moving the at least one
squeegee blade to the lowered position;
the squeegee blade movement mechanism comprises a first movable member (54) coupled to the frame
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(12) of the stencil printer (10) and a second movable member (56) coupled to the first movable member
(54) and to the at least one squeegee blade (38; 40);
the squeegee blade movement mechanism further comprises a lead screw (58) housed by the frame (12)
of the stencil printer (10) and a lead nut (60) secured to the first movable member (54) and threadably
engaged with the lead screw (58) to move the first and second movable members (54, 56) so as to move
the at least one squeegee blade (38; 40) between the raised and lowered positions;
the squeegee blade movement mechanism further comprises a compression spring (62) disposed around
the lead screw (58) to provide a resistance force between the first movable member (54) and the second
movable member (56), the arrangement being such that when moving the at least one squeegee blade
(38; 40) to the lowered position against the stencil (18), the second movable member (56) moves toward
the first movable member (54) against the resistance of the compression spring (62); and
the device comprises a flag (66) secured to one of the first movable member (54) and the second movable
member (56) and a sensor secured to the other of the first movable member and the second movable
member, the sensor (68) being configured to detect at least two features of the flag (66) when moving the
at least one squeegee blade (38; 40) to a position of an applied force from the lowered position.

2. The stencil printer of claim 1, wherein the first and second reference points are associated with the at least two
features of the flag (66).

3. The stencil printer of claim 2, further comprising a gauge (70), which replaces the at least one squeegee blade (38;
40), to measure the force of the gauge against the stencil (18).

4. The stencil printer of claim 3, wherein the gauge (70) is configured to measure a simulated force of the at least one
squeegee blade (38; 40) against the stencil (18) when the first reference point of the flag is detected by the sensor
and when the second reference point of the flag (66) is detected by the sensor (18) and when the second reference
point of the flag (66) is detected by the sensor (68).

Patentansprüche

1. Schablonendrucker (10) zum Drucken von viskosem Material auf einem Substrat, wobei der Schablonendrucker
Folgendes aufweist:

einen Rahmen (12);
eine Schablone (18), die an den Rahmen (12) gekoppelt ist;
einen Substratträger (28), der an den Rahmen (12) gekoppelt ist, um ein Substrat in einer Druckposition zu
halten; und
einen Druckkopf (20), der an den Rahmen (12) gekoppelt ist, um viskoses Material über der Schablone (18)
abzulagern und zu drucken, wobei der Druckkopf Folgendes aufweist:

eine Abzieheranordnung (36), die mindestens eine Abziehklinge (38; 40) aufweist, und einen Abziehklin-
genbewegungsmechanismus (46, 48, 54-62), der zum Bewegen der mindestens einen Abziehklinge (38;
40) aus einer angehobenen Position, in der die mindestens eine Abziehklinge von der Schablone (18)
beabstandet ist, und einer gesenkten Position, in der die mindestens eine Abziehklinge mit der Schablone
in Eingriff steht und auf diese Kraft ausübt, gestaltet ist, und
eine Vorrichtung (66, 58) zum Erfassen eines ersten Referenzpunktes in Zusammenhang mit einer ersten
Kraft der mindestens einen Abziehklinge (38; 40) gegen die Schablone (18), wenn die mindestens eine
Abziehklinge in die gesenkte Position bewegt wird;
dadurch gekennzeichnet, dass
die Vorrichtung (66, 68) zum Erfassen eines ersten Referenzpunktes ferner einen zweiten Referenzpunkt
in Verbindung mit einer zweiten Kraft der mindestens einen Abziehklinge gegen die Schablone, wenn die
mindestens eine Abziehklinge in die gesenkte Position bewegt wird, erfassen soll;
wobei der Abziehklingenbewegungsmechanismus ein erstes bewegliches Element (54) aufweist, das an
den Rahmen (12) des Schablonendruckers (10) gekoppelt ist, und ein zweites bewegliches Element (56),
das an das erste bewegliche Element (54) und an die mindestens eine Abziehklinge (38; 40) gekoppelt ist;
wobei der Abziehklingenbewegungsmechanismus ferner eine Leitspindel (58) aufweist, die von dem Rah-
men (12) des Schablonendruckers (10) aufgenommen wird, und eine Leitmutter (60), die an dem ersten
beweglichen Element (54) befestigt ist und mit der Leitspindel (58) verschraubt ist, um das erste und zweite
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bewegliche Element (54, 56) so zu bewegen, dass die mindestens eine Abziehklinge (38; 40) zwischen
der angehobenen und gesenkten Position bewegt wird;
wobei der Abziehklingenbewegungsmechanismus ferner eine Druckfeder (62) aufweist, die um die Leit-
spindel (58) angeordnet ist, um eine Widerstandskraft zwischen dem ersten beweglichen Element (54) und
dem zweiten beweglichen Element (56) vorzusehen, wobei die Anordnung derart ist, dass, wenn die min-
destens eine Abziehklinge (38; 40) in die gesenkte Position gegen die Schablone (18) bewegt wird, das
zweite bewegliche Element (56) sich zu dem ersten beweglichen Element (54) gegen den Widerstand der
Druckfeder (62) bewegt; und
die Vorrichtung einen Merker (66) aufweist, der an einem von dem ersten beweglichen Element (54) und
dem zweiten beweglichen Element (56) befestigt ist, und einen Sensor, der an dem anderen von dem
ersten beweglichen Element und dem zweiten beweglichen Element befestigt ist, wobei der Sensor (68)
so konfiguriert ist, dass er mindestens zwei Merkmale des Merkers (66) erfasst, wenn die mindestens eine
Abziehklinge (38; 40) in eine Position einer ausgeübten Kraft aus der gesenkten Position bewegt wird.

2. Schablonendrucker nach Anspruch 1, wobei der erste und zweite Referenzpunkt mit den mindestens zwei Merkmalen
des Merkers (66) verknüpft sind.

3. Schablonendrucker nach Anspruch 2, ferner aufweisend ein Messgerät (70), das die mindestens eine Abziehklinge
(38; 40) ersetzt, um die Kraft des Messgeräts gegen die Schablone (18) zu messen.

4. Schablonendrucker nach Anspruch 3, wobei das Messgerät (70) zum Messen einer simulierten Kraft der mindestens
eine Abziehklinge (38; 40) gegen die Schablone (18) gestaltet ist, wenn der erste Referenzpunkt des Merkers von
dem Sensor erfasst wird und wenn der zweite Referenzpunkt des Merkers (66) von dem Sensor (18) erfasst wird
und wenn der zweite Referenzpunkt des Merkers (66) von dem Sensor (68) erfasst wird.

Revendications

1. Imprimante au pochoir (10) pour imprimer un matériau visqueux sur un substrat, l’imprimante au pochoir comprenant :

un cadre (12) ;
un pochoir (18) accouplé au cadre (12) ;
un support de substrat (28) accouplé au cadre (12) pour supporter un substrat dans une position d’impression ; et
une tête d’impression (20), accouplée au cadre (12), pour déposer et imprimer un matériau visqueux sur le
pochoir (18), la tête d’impression comprenant
un ensemble de racloir (36) comprenant au moins une lame de racloir (38 ; 40) et un mécanisme (46, 48, 54-62)
de déplacement de la lame de racloir, configuré pour déplacer l’au moins une lame de racloir (38 ; 40) depuis
une position relevée dans laquelle l’au moins une lame de racloir est espacée du pochoir (18) et une position
abaissée dans laquelle l’au moins une lame de racloir s’engage avec, et applique une force sur, le pochoir, et
un dispositif (66, 68) permettant de détecter un premier point de référence associé à une première force de l’au
moins une lame de racloir (38 ; 40) contre le pochoir (18) lors du déplacement de l’au moins une lame de racloir
dans la position abaissée ;
caractérisée en ce que :

le dispositif (66, 68) permettant de détecter un premier point de référence est utilisé en outre pour détecter
un deuxième point de référence associé à une deuxième force de l’au moins une lame de racloir contre le
pochoir lors du déplacement de l’au moins une lame de racloir dans la position abaissée ;
le mécanisme de déplacement de la lame de racloir comprend un premier organe mobile (54) accouplé au
cadre (12) de l’imprimante au pochoir (10) et un deuxième organe mobile (56) accouplé au premier organe
mobile (54) et à l’au moins une lame de racloir (38 ; 40) ;
le mécanisme de déplacement de la lame de racloir comprend en outre une tige filetée (58) reçue par le
cadre (12) de l’imprimante au pochoir (10) et
un écrou fileté (60) fixé au premier organe mobile (54) et engagé par vissage avec la tige filetée (58) pour
déplacer les premier et deuxième organes mobiles (54, 56) de manière à déplacer l’au moins une lame de
racloir (38 ; 40) entre les positions relevée et abaissée ;
le mécanisme de déplacement de la lame de racloir comprend en outre un ressort de compression (62)
disposé autour de la tige filetée (58) pour fournir une force de résistance entre le premier organe mobile
(54) et le deuxième organe mobile (56), l’agencement étant tel que lors du déplacement de l’au moins une
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lame de racloir (38 ; 40) dans la position abaissée contre le pochoir (18), le deuxième organe mobile (56)
se déplace vers le premier organe mobile (54) à l’encontre de la résistance du ressort de compression
(62) ; et le dispositif comprend un drapeau (66) fixé à l’un du premier organe mobile (54) et du deuxième
organe mobile (56) et un capteur fixé à l’autre du premier organe mobile et du deuxième organe mobile,
le capteur (68) étant configuré de manière à détecter au moins deux caractéristiques du drapeau (66) lors
du déplacement de l’au moins une lame de racloir (38 ; 40) dans une position d’une force appliquée à partir
de la position abaissée.

2. Imprimante au pochoir selon la revendication 1, dans laquelle les premier et deuxième points de référence sont
associés aux au moins deux caractéristiques du drapeau (66).

3. Imprimante au pochoir selon la revendication 2, comprenant en outre une jauge (70) qui remplace l’au moins une
lame de racloir (38 ; 40) pour mesurer la force de la jauge contre le pochoir (18).

4. Imprimante au pochoir selon la revendication 3, dans laquelle la jauge (70) est configurée de manière à mesurer
une force simulée de l’au moins une lame de racloir (38 ; 40) contre le pochoir (18) lorsque le premier point de
référence du drapeau est détecté par le capteur et lorsque le deuxième point de référence du drapeau (66) est
détecté par le capteur (18) et lorsque le deuxième point de référence du drapeau (66) est détecté par le capteur (68).
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